We investigated neural regulation of emotional arousal. We hypothesized that the interactions between the components of the prefrontal-limbic system determine the global trajectories of the individual's brain activation, with the strengths and modulations of these interactions being potentially key components underlying the differences between healthy individuals and those with schizophrenia. Using affect-valent facial stimuli presented to 11 medicated schizophrenia patients and 65 healthy controls, we activated neural regions associated with the emotional arousal response during functional magnetic resonance imaging (fMRI). Performing first a random effects analysis of the fMRI data to identify activated regions, we obtained 352 data-point time series for six brain regions: bilateral amygdala, hippocampus and two prefrontal regions (Brodmann Areas 9 and 45). Since standard statistical methods are not designed to capture system features and evolution, we used principal component analyses on two types of pre-processed data: contrasts and group averages. We captured an important characteristic of the evolution of our six-dimensional brain network: all subject trajectories are almost embedded in a two-dimensional plane. Moreover, the direction of the largest principal component was a significant differentiator between the control and patient populations: the left and right amygdala coefficients were substantially higher in the case of patients, and the coefficients of Brodmann Area 9 were, to a lesser extent, higher in controls. These results are evidence that modulations between the regions of interest are the important determinant factors for the system's dynamical behavior. We place our results within the context of other principal component analyses used in neuroimaging, as well as of our existing theoretical model of prefrontal-limbic dysregulation.
Introduction
Over the past decade, significant research efforts have isolated and emphasized the role of the prefrontal cortex (PFC), the hippocampus and the amygdala in emotion regulation, fear conditioning and extinction.
The predominant view is that the central amygdala (CE) forms the main excitatory component of the arousal response (Sotres-Bayon et al., 2004) ; in both human and animal studies, damage to the amygdala prevents the acquisition and expression of fear. When an emotionally salient stimulus is detected, its signal is transmitted via thalamic pathways to the lateral amygdala (LA) and then to the CE (either directly or via more complex intra-amygdalar connections). The CE in turn projects to a set of regions that control specific autonomic, endocrine and behavioral responses. It has been suggested that, in addition, the basal amygdala provides contextual contributions, integrating information from the LA, the hippocampus and the medial prefrontal cortex (mPFC) (Sotres-Bayon et al., 2004) .
The primary inhibitory pathways are the medial prefrontal cortex (Izquierdo et al., 2005; Phelps et al., 2004; Rosenkranz et al., 2003; Sotres-Bayon et al., 2006) and the hippocampus (Corcoran, 2005; Sotres-Bayon et al., 2004) . Damage to the mPFC is known to generally induce emotional and cognitive changes, which seem to be very finely tuned and subregion-specific -e.g., the dorsal part of the nucleus accumbens is involved in attention and cognitive control, and the ventral part, in emotional regulation (Bush et al., 2000) . The classical view is that neural activity in the mPFC regulates not only the amygdala-mediated fear responses via direct projections to the LA or the intercalated cells, but also the activity in the hippocampus, via projections to CA1 (Curnu Ammonis, area 1 -see Appendix A) and its own activity (Mora and Myres, 1977; Ferrer et al., 1993) .
In addition to the roles of the amygdala and the PFC in emotion regulation, which have been confirmed by a wide variety of studies, the potential contribution of the hippocampus has been increasingly explored. Structural MRI studies found decreased hippocampal volumes in depressed (Caetano et al., 2004) and schizotypal patients (Dickey et al., 2007) , and correlated the volume loss with the length of the illness. This is consistent with the hypothesis that hypercortisolemia induced by stress vulnerability could result in hippocampal Psychiatry Research: Neuroimaging 174 (2009) 184-194 
